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OBJECTIVE. The purpose of this study was to assess the utility of focused abdominal sonography for trauma (FAST) in the triage of hypotensive and normotensive blunt abdominal trauma patients to exploratory laparotomy.
MATERIALS AND METHODS. Data entered in a trauma registry database were retrospectively reviewed and were correlated with medical records, radiology reports, and surgical laparotomy reports. In the setting of blunt abdominal trauma, hypotensive patients were compared with normotensive patients who underwent FAST.
RESULTS. During the 6-year study period, 4,029 patients with blunt abdominal trauma underwent sonography, 122 of whom were hypotensive on arrival and underwent FAST. Of 87 hypotensive patients with positive findings on FAST, 69 (79%) were taken directly to exploratory laparotomy without the need for CT. In predicting the need for therapeutic laparotomy in hypotensive patients, the sensitivity of FAST was 85%, specificity was 60%, and accuracy was 77%. Of the 3,907 normotensive patients, 3,584 had negative FAST findings, whereas 323 had positive FAST findings. In normotensive patients, the sensitivity of FAST was 85%, specificity was 96%, and accuracy was 96%. In the combined patient population (all hypotensive and normotensive patients), 4,029 patients with blunt abdominal trauma underwent sonography: 3,619 had negative and 410 had positive FAST findings. In all patients regardless of blood pressure, the sensitivity of FAST was 85%, specificity was 96%, and accuracy was 95%.
CONCLUSION. Hypotensive patients screened in the emergency department with positive FAST findings may be triaged directly to therapeutic laparotomy, depending on the results of the sonography examination, without the need for CT. onographic free fluid has been shown to be a useful predictor of surgical injury in patients with blunt abdominal trauma. However, few studies have examined the utility of free fluid in hypotensive patients with blunt abdominal trauma. In the setting of blunt abdominal trauma, determining which patients have signs or symptoms that warrant surgical exploration and repair is a diagnostic dilemma. For the unstable patient, rapid and accurate triage is crucial because delayed treatment is associated with increased morbidity and mortality [1] . Clinical history, physical examination, and laboratory tests are often unreliable in the evaluation of blunt abdominal trauma [2] .
Diagnostic peritoneal lavage had been used for decades to detect hemoperitoneum but is ineffective for detecting retroperitoneal injuries and solid organ injuries not associated with hemoperitoneum [3, 4] . Furthermore, diagnostic peritoneal lavage is an invasive procedure with sensitive but nonspecific findings that may lead to unnecessary laparotomies and the associated complications [5] . Increasingly, noninvasive methods such as CT and sonography have gradually replaced diagnostic peritoneal lavage. CT can effectively depict hemoperitoneum, retroperitoneal injury, and solid organ injury, but CT is less accurate in showing pancreatic, diaphragmatic, and hollow viscus injuries [6] . However, CT has disadvantages including ionizing radiation, IV injection of radioiodinated contrast material, and time required for patient transport and scanning of critically injured or unstable patients. Sonography is a fast, simple, noninvasive, and readily available screening examination.
Focused abdominal sonography for trauma (FAST) scanning has been previously described in the setting of blunt abdominal trauma to evaluate for free fluid in the abdomen or pelvis [7] . Sonography is useful as a diagnostic tool for detecting intraabdominal in-S juries but is less sensitive for detecting bowel and mesenteric injuries. Sonography has limited utility in the trauma setting for spinal and pelvic fractures, retroperitoneal (pancreatic and adrenal) injuries, vascular injuries, and diaphragmatic rupture [8] . However, in the evaluation of the hypotensive patient with blunt abdominal trauma, sonography is increasingly used because of its rapid results, portability, and lack of ionizing radiation. Prior studies have evaluated the accuracy of sonography for detecting hemoperitoneum and solid organ injury [6, [9] [10] [11] [12] [13] [14] [15] [16] [17] . The use of sonography in triaging blunt abdominal trauma patients, particularly those with hypotension, has only recently been explored [18, 19] , to our knowledge. To mitigate morbidity and mortality, rapid determination of which patients with intraabdominal injuries require surgical exploration is critically important.
The purpose of this study was to investigate the possible role of sonography (FAST) in patients with blunt abdominal trauma. Prior studies have examined the use of sonography in blunt abdominal trauma; however, this study is the first, to our knowledge, to investigate and compare the utility of sonography in hypotensive patients versus normotensive patients in a consecutive study population.
Materials and Methods
This retrospective study was performed at a regional level 1 comprehensive trauma center. All patients, regardless of age, who presented with blunt abdominal trauma over a 6-year period, from January 1995 to January 2001, were enrolled in a trauma registry database. Patients who underwent FAST were then selected from the database, and the FAST findings were correlated with clinical data, imaging results, and laparotomy findings. Patients were excluded from the study if clinical, radiologic, or surgical information was incomplete. This retrospective study was approved by the hospital's institutional review board.
FAST was performed by registered diagnostic medical sonographers with at least 2 years' experience on an XP10-128 (Acuson), 5200S (Acoustic Imaging), or Sequoia 512 (Acuson-Siemens) unit using phased-array or convex linear 2.5-5.0-MHz transducers. Image acquisition was performed solely by experienced radiology department sonographers available 24 h/d, and images were reviewed and the sonographers were supervised by the radiology attending physician or a radiology resident.
The determination of which blunt abdominal trauma patients underwent FAST was at the discretion of the emergency department attending physician or trauma surgeon caring for the patient. FAST was usually performed within a 30-minute period of the patient's arrival to the emergency department.
Scans were obtained with the patient in the supine position to evaluate for the presence of free fluid in the bilateral upper quadrants, including the hepatorenal and splenorenal regions, and paracolic gutters. The pelvis was also scanned for free fluid, although this scan was sometimes obtained without the benefit of a well-distended bladder providing an optimal acoustic window. Subxiphoid views of the heart were obtained when there was a history of possible chest trauma. A detailed evaluation of the solid organs was not performed, although limited images of the solid organs were obtained if there was adjacent free fluid and if time permitted. Given the lack of dedicated scanning for abdominal organ injury, parenchymal abnormalities were not considered and only free fluid was used for analysis.
CT scans were obtained on a LightSpeed scanner (GE Healthcare) using a 100-to 150-mL bolus of IV contrast material (iohexol [Omnipaque 300, Nycomed]) injected at 2-3 mL/s. No oral contrast material was administered. Patients were initially scanned from the xiphoid to the symphysis pubis with 3-minute delayed images from the xiphoid through the kidneys.
All images were interpreted immediately by the on-call radiology attending physician, radiology fellow, or radiology resident. The findings were reviewed, and a report was finalized by the radiology faculty if the sonography examination was initially reviewed by a fellow or resident.
Sonography reports were retrospectively reviewed, and the location and amount of free fluid were recorded. The amount of free fluid was subjectively categorized as small, moderate, or large ( Figs. 1-3 ). Small amounts of free fluid in three or more locations were graded as moderate, and moderate amounts of free fluid in three or more locations were graded as large. If there was ambiguity in the report, hard-copy sonography images were reviewed, and the results were confirmed. Sonography finding were graded as positive if any free fluid was present.
Patient demographics and history of injury mechanism were collected. Blood pressure on arrival in the emergency department was used for categorization as hypotensive (systolic blood pressure ≤ 90 mm Hg) or normotensive (systolic blood pressure > 90 mm Hg). Laparotomy results were obtained from medical records and grouped into those requiring surgical intervention versus those not requiring surgical intervention. The concept of therapeutic versus nontherapeutic laparotomy is derived from clinical and surgical perspectives. We categorized injuries retrospectively by whether they required surgical repair (i.e., therapeutic laparotomy) or not (nontherapeutic laparotomy).
The therapeutic laparotomy categorization includes those patients who were the most critical and required emergent intervention. Positive therapeutic laparotomy criteria included bleeding liver laceration requiring packing or hemostasis, splenic laceration requiring splenorrhaphy or splenectomy, bowel laceration or perforation, diaphragm laceration, bleeding renal laceration requiring nephrectomy or embolization, bleeding mesenteric injury requiring repair, and expanding retroperitoneal hematoma requiring repair.
The nontherapeutic laparotomy group comprises those patients who had injuries that were not severe enough to require surgical repair. Nontherapeutic laparotomy criteria included liver laceration not requiring packing or hemostasis, splenic laceration not requiring splenorrhaphy or splenectomy, bowel contusions, mesenteric hematomas not requiring repair, and retroperitoneal hematomas not requiring repair.
Comparisons between the amount of fluid (small, moderate, or large) and the need for laparotomy were examined in hypotensive patients, normotensive patients, and all patients. In hypotensive patients, the use of CT during triage was also examined. Finally, comparisons in therapeutic laparotomy rates between normotensive and hypotensive patients with varying amounts of fluid were made. Fisher's exact test was used for statistical analysis with statistical significance set at a p value of less than or equal to 0.05.
Results
During the 6-year study period, 4,029 blunt abdominal trauma patients underwent FAST.
Hypotensive Patients
Patients with hypotension on arrival were identified (n = 122). The mean age of the 122 hypotensive patients was 31.8 ± 17.8 (SD) years. The mechanism of injury in 61% was motor vehicle crash; 18%, automobile-versus-pedestrian collision; 11%, fall; 7%, assault; and 3%, motorcycle crash. Table 1 summarizes the results of the hypotensive subgroup correlated with whether therapeutic laparotomy, nontherapeutic laparotomy, or no laparotomy was performed. Of the 35 hypotensive patients with negative FAST findings, 13 (37%) underwent therapeutic laparotomy. Of the 87 patients with positive FAST, an increased amount of free fluid was associated with a higher rate of therapeutic laparotomy: 70% (30/43) of patients with a small amount of free fluid, 97% (33/34) with a moderate amount of free fluid, and 90% (9/10) with a large amount of free fluid underwent therapeutic laparotomy. Of all 87 hypotensive pa- tients with positive FAST, 72 (83%) underwent therapeutic laparotomy. In further examination of the hypotensive patients, most of the patients with positive FAST findings were taken directly to laparotomy without undergoing CT (Table 2 ). In hypotensive patients with a small amount of free fluid on FAST, 23% (10/43) underwent CT; of those 10 patients who underwent CT, two went on to therapeutic laparotomy and eight did not undergo laparotomy. All 34 hypotensive patients with a moderate amount of free fluid on FAST went directly to laparotomy without undergoing CT. Nine (90%) of 10 hypotensive patients with a large amount of free fluid went directly to laparotomy without undergoing CT and the patient who underwent CT also had a therapeutic laparotomy. In hypotensive patients with positive FAST who went directly to laparotomy without CT, therapeutic laparotomy rates of 85% (28/33), 97% (33/34), and 89% (8/9) were found in patients with small, moderate, and large amounts of free fluid, respectively. In hypotensive patients with no free fluid on FAST, 80% (28/35) went on to CT.
An increasing number of discrete fluid collections or fluid pockets detected on FAST was associated with a higher rate of therapeutic laparotomy. For hypotensive patients with one fluid pocket, 68% (23/34) underwent therapeutic laparotomy, and 83% (15/18) with two fluid pockets had a therapeutic laparotomy. Hypotensive patients with three, four, and five fluid pockets had therapeutic laparotomy in 92% (11/12), 100% (5/5), and 100% (18/18) of the cases, respectively.
Normotensive Patients
Of all patients with blunt abdominal trauma who underwent sonography, 3,907 were normotensive: 3,584 had negative and 323 had positive FAST findings ( Table 3) . The average patient age was 32.5 ± 18.9 years. The mechanism of injury in 65% was motor vehicle crash; 14%, automobile-versus-pedestrian crash;11%, fall; 7%, assault; and 3%, motorcycle crash. Thirty-three (1%) of 3,584 patients with negative FAST required therapeutic laparotomy, and 42% (87/205) of patients with a small amount of free fluid went on to have a therapeutic laparotomy. There were 71 (86%) of 83 patients with a moderate amount of fluid and 31 (89%) of 35 with a large amount of free fluid who required surgical intervention. For all normotensive patients with positive FAST, 59% (189/323) required therapeutic laparotomy. In normotensive patients, 67 (44%) of 153 patients with free fluid in one location had a therapeutic laparotomy, and 49% (40/82) of patients with free fluid in two locations had surgical intervention. In patients with fluid in three, four, and five locations, therapeutic laparotomy rates were 85% (35/41), 100% (6/6), and 100% (41/41), respectively. Table 4 summarizes the FAST results of all the patients regardless of blood pressure correlated with therapeutic laparotomy, nontherapeutic laparotomy, or no laparotomy. Of 4,029 patients with blunt abdominal trauma who underwent sonography, 3,619 had negative FAST findings and 410 had positive FAST findings. One percent (46/3,619) of patients with negative FAST required therapeutic laparotomy. Forty-seven percent (117/248) of patients with a small amount of free fluid underwent therapeutic laparotomy. Eighty-nine percent (104/117) of patients with a moderate amount of free fluid and 89% (40/45) with a large amount of free fluid went on to surgical intervention. Of all 410 patients who had positive FAST, 64% (n = 261) went on to therapeutic laparotomy.
All Patients (Normotensive and Hypotensive)
As seen in both hypotensive and normotensive patient groups, an increasing number of free fluid pockets directly correlated with therapeutic laparotomy in all patients. Fortynine percent (92/187) of patients with free fluid in one location had a therapeutic laparotomy. Fifty-six percent (56/100) of patients with free fluid in two locations required surgical intervention. In patients with fluid in three, four, and five locations, therapeutic laparotomy rates were 87% (46/53), 100% (11/11), and 100% (56/56), respectively.
Because the amount of free fluid and number of locations are codependent variables (i.e., the larger the amount of fluid, the greater the number of fluid pockets), the results were sorted by amount of fluid and number of pockets (Table 5 ); no significant difference was observed among the patient groups. Forty-four percent (74/168) of patients with a small amount of fluid in one location had a therapeutic laparotomy, whereas 54% (43/80) of patients with a small amount of fluid in two or more locations required a therapeutic laparotomy. For patients with a moderate amount of free fluid, the laparotomy rate of those with free fluid in one location versus the laparotomy rate of those with free fluid in more than one location was not significantly different (94% vs 88%, respectively). Patients with a large amount of free fluid also showed similar laparotomy rates: 100% for those with fluid in one location and 88% for those with free fluid in multiple locations. This finding was also seen in hypotensive and normotensive patients. In comparing therapeutic laparotomy rates for normotensive and hypotensive patients, statistically significant differences were found between hypotensive and normotensive patients with no free fluid (p < 0.001) and a small amount of free fluid (p = 0.001). No statistical significance was seen between hypotensive and normotensive patients with a moderate amount of free fluid (p = 0.62) and those with a large amount of free fluid (p = 0.69).
The intraabdominal injuries not detected on FAST that required surgical repair are listed in Table 6 . Of the hypotensive patients, 18 had negative FAST findings but went on to exploratory laparotomy due to clinical course, positive diagnostic peritoneal lavage results, positive CT findings, or a combination thereof. Thirteen hypotensive patients had intraabdominal injuries requiring surgical repair, with the most commonly missed injuries being those to the bowel (n = 8), spleen (n = 5), and liver (n = 3). In normotensive patients with negative FAST, 75 went on to exploratory laparotomy, with 33 requiring surgical repair. The most commonly missed injuries in normotensive patients included those to the bowel (n = 25), spleen (n = 19), and liver (n = 8). Various injuries to the diaphragm, gallbladder, and retroperitoneum, including the kidneys, pancreas, bladder, rectum, and urethra, were also missed.
For hypotensive patients with blunt abdominal trauma, the sensitivity of FAST for need of therapeutic laparotomy was 85% (72/85) and the specificity was 60% (22/37); the positive predictive value was 85% (72/85), negative predictive value was 63% (22/35), and accuracy was 77% (94/122) ( Table 7) . For the normotensive patient group, sensitivity was 85% (189/222) and specificity was 96% (3,551/3,685); the positive predictive value was 59% (189/323), negative predictive value was 99% (3,551/3,584), and accuracy was 96% (3,740/3,907) . In all patients, the sensitivity of FAST was 85% (261/307) and specificity was 96% (3,573/3,722); the positive predictive value was 64% (261/410), negative predictive value was 99% (3,573/3,619), and accuracy was 95% (3,834/4,029).
Discussion
The use of sonography and CT for assessment in blunt abdominal trauma has been extensively reviewed in the literature [20] [21] [22] [23] . CT is viewed as the definitive technique because of its high sensitivity and specificity in injury detection, localization, and grading [6] . However, CT may not be an option for those patients who are clinically unstable to travel to the CT scanner, who are pregnant, or who will not fit in the scanner due to their body habitus. Sonography has some specific advantages over CT in that it is a bedside examination, is a relatively expedient examination, and uses no ionizing radiation. Furthermore, patients undergoing sonography do not require contrast agents and thus are spared the associated risk of contrast reaction and nephrotoxicity.
In our study, differences emerged between the hypotensive and normotensive patients with blunt abdominal trauma. A statistically significant difference was found between hypotensive and normotensive patients with a small amount of free fluid; this reflects the greater significance of a small amount of free fluid in hypotensive patients and the higher associated therapeutic laparotomy rate. No statistical significance was seen between hypotensive and normotensive patients with a moderate or large amount of free fluid, reflecting the high association with therapeutic laparotomy in both patient groups. A statistically significant difference was also found between hypotensive and normotensive patients with no free fluid; this likely reflects the very low likelihood of therapeutic laparotomy in normotensive patients versus the higher likelihood of therapeutic laparotomy in hypotensive patients.
Categorizing blunt abdominal trauma patients by the amount of free fluid and categorizing them by the number of fluid pockets are equally valid methods of assessment. The amount of free fluid has a direct correlation with the number of fluid pockets because both are codependent variables. In both study populations, there was no significant difference between the total amount of fluid in one location or that in more than one location. The causes for false-positive FAST findings included four cases of superficial liver laceration not requiring repair, four cases of renal laceration or contusion not requiring repair, four cases of pelvic hematomas from pelvic fractures, one case of retroperitoneal hematoma not requiring repair, and one case of ascites secondary to metastatic breast cancer. The other patients with false-positive FAST findings had negative findings at laparotomy, and the cause of the free fluid was not found.
Other studies have shown findings similar to ours. Farahmand et al. [18] used a fluid scoring system based on the number of fluid pockets (0, 1, and 2 or more) and retrospectively assigned patients to a high-or low-risk group. In 128 hypotensive patients with blunt abdominal trauma, they calculated 97% sensitivity, 82% specificity, and 86% accuracy for the detection of surgical injuries. However, that study was not a consecutive sample because 24-hour sonography coverage was not available; in our study, experienced sonographers were always present and per- formed the FAST examination. Interestingly, Farahmand and colleagues concluded that positive sonography findings correlate with surgical injury in 64% of cases, whereas negative sonography almost always excludes surgical injury. For that study group, Farahmand and colleagues reported one case of mesenteric injury not detected on screening sonography. In contrast, our study had higher rates of false-negatives, which is likely due to more cases of isolated bowel injury being included in our study. In our experience, isolated bowel injury is often not immediately associated with hemoperitoneum and is more difficult to diagnose than other injuries [24] . The free fluid detected in patients with bowel injury is thought to be due to other concomitant abdominal injuries. Worsening abdominal tenderness during observation in the emergency department and delayed CT may help in triaging patients with suspected bowel injury that is not detected on FAST.
McKenney et al. [19] used a hemoperitoneum scoring system based on the anteroposterior depth of the largest fluid collection plus 1 point for each additional area with fluid. In 18 hypotensive patients with a systolic blood pressure of less than 90 mm Hg, 10 had a score of greater than 3, and all 10 patients required therapeutic laparotomy. The remaining eight patients had a score of less than 3, with three patients requiring therapeutic laparotomy. The hemoperitoneum scoring system appears to be a variation on using the total amount of fluid as a predictor for therapeutic laparotomy. Although the hemoperitoneum scoring system may be valid, its utility in a greater number of hypotensive patients remains to be seen.
Several limitations to this study exist. This study was retrospective. Patients with incomplete data were excluded. Exclusion of those cases is not thought to bias the data because the pattern was random and sporadic and occurred in all groups of patients. Another potential limitation is that because blood pressure on arrival to the emergency department was used, patients who were sporadically hypotensive in the field, during transport, or after arrival were not included; thus, patients with episodic hypotension may not have been categorized in the hypotensive subgroup. In addition, the grading of fluid amount is somewhat subjective. The use of a more qualitative fluid scoring system rather than a quantitative standard has drawbacks due to its imprecision and variability among interpreting reviewers. However, a qualitative fluid scoring system is widely used by most radiologists, and there is some general consensus about fluid grading. An additional limitation is that the time from injury to scanning was not included; these data were not consistently available, and this limitation is typical of a retrospective study.
Given our findings and those of prior studies, we believe FAST should be performed immediately after the blunt trauma patient arrives in the emergency department and is determined to be hypotensive. If the FAST findings are positive, especially in patients with moderate to large amounts of free fluid, the patients should be triaged directly to exploratory laparotomy. If the FAST findings are negative or the hypotensive patient becomes hemodynamically stable, then there may be enough time for the patient to undergo CT for further evaluation. Similarly, FAST may be used in all patients regardless of blood pressure if they are unable to undergo CT.
In conclusion, for triaging hypotensive patients with blunt abdominal trauma to laparotomy, FAST is an effective screening tool when performed by experienced sonographers. In hypotensive patients in whom moderate to large fluid collections are noted, immediate triage to the operating room, obviating CT, may be required. In hypotensive patients, bowel and mesenteric injuries may not be associated with a significant amount of free fluid and may be a cause of false-negative findings on FAST; this possibility highlights the need for heightened clinical suspicion and possibly for further evaluation with CT.
